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SUMMARY OF THE INVENTION 

The polyurelharQ resins are comprised of, in part polyester resins formed from a carboxylic acid 
component and a alcohol fiaving at least 2 hydroxyl moeities. Specifically, this invention relates to an 
5 anionic polyurethane coating composition comprised of: 

1. A polyester component produced by condensing a cartioxylic acid component with alcohols having 
at least 2 hydroxy moeities wherein the carboxylic acid component is comprised of at least atjout 50% by 
weight of a long chain hydrophobic carboxyirc add containing compound having between 18 and 60 carbon 

to 2. A mixture of a compound having at least 2 isocyanate groups, a multi-functional compound having 

at least one active hydrogen functionality and at least one carboxylic add functionality and optionally, a 
compound having at least two active hydrogen groups, for example, diols, dithiols, diamines, or compounds 
having mixtures of these active hydrogen groups, the polyester component described above being reacted 
with this mixture to produce a polyurethane resin containing free carboxylic acid groups. The free carboxylic 

TS acid groups may be neutraJized to produce a water-dispersibla polyurethane resin. 

The polyurethane resin described above can be formulated as a water-dispersed basecoat resin along 
with a grind resin, a cross-linking agent, thixotropic or rheology control agents, thickeners, pigments, 
aluminum and/or mica particles, basifying agents, water, fillers, surfactants, stabiliiers, plasticlzers, wetting 
agents, dispersing agents, adhesion promoters, defoamers, catalysts, and additional polymers, for example 

20 a branch-chain polyester among other ingredients. 

After fomiulation, the basecoat compositions can be sprayed or electrostatically deposited onto the 
automobile body, preferably, in one or two coats. Generally, two even coats of basecoat are applied with a 
one minute flash between coats. After deposition of the basecoat. before application of a high solids content 
clear coat, it is generally prsfen-ed to flash about 90% of the water from the basecoat for optimum 

25 appearance and to eliminate water boil of the clearcoat 

A preferred embodiment of the water-dispersibla anionic resin relates to a polyurethane product v»herein 
the polyurethane is formed with a mixture of an excess of dilsocyanate. a multi-functional compound having 
at least one active hydrogen functionality and at least one carboxylic acid functionality, and a hydroxy 

30 two free isocyanate groups per polymer chain. In especially preferred embodiments, the free isocyanate 
groups are then capped with an excess of an alcohol having a hydroxy functionality of at least one and 
preferably, two or more. 

The polyester component is preferably fonned from an alcohol component having at least about 2 
hydroxy groups per molecule (polyol) and a carboxylic add component. The carboxylic add component is 

between 18 and 60 carbon atoms in the chain. This long-chain carboxylic acid component is an alkyl, 
alkylene, aralkyi, aralkylene, or compound of similar hydrophobidty having 18 and 60 carbons in the chain. 

recognized that low flash and quick-drying characteristics of the basecoat compositions of this invention are 
■to the result of having a high percentage of highly hydrophobic groups in the polyester resin. C18 to 060 
carboxylic acid present a range of compounds having suitable hydrophobidty. lulost preferably, this long 
chain carboxylic acid is a dicarboxylic acid and most preferably is a Cas dicarboxylic acid known as a dimer 
acid. The remaining carboxylic acid component may be comprised of a short-chain monocarboxylic or 
dicarboxylic acid component, preferabiy a dicarboxylic acid. When monocarboxylic acid compounds are 
45 used, these function as polyester chain terminators. Thus, where high molecular weight polyesters are 
desired, the amount of monocarboxylic acid is kept to a minimum. The short-chain dicartsoxylic acid may 
be preferably short-chain alkyl or alkalyne dicarboxylic acid, for example, azeleic acid, adipic acid, or an 
equivalent aliphatic dicarboxylic add or an areimatic dicarboxylic acid. Most preferably, the aromatic 
dicarboxylic acid is Isophthalic add. it must be stressed that while a number of short-chain carboxylic acid 
so compounds may be used, the ultimate goal is to maintain the hydrophobic, quick-flash characteristics of ttie 

The polyester resins described hereinabove are useful on virtually any alastomeric substrate and are 
particularly useful when formulated into polyurethane coatings and used in basecoat formulations for 
deposition onto metal or plastic substrates, especially automobile bodies. The polyurethane resins syn- 
55 thesized from the above- described polyesters exhibit quick-drying, low flash characteristics. These 
polyurethane resins are, of course, useful in embodiments where quick-drying, low-flash characteristics are 
required. These resins have shown particular utility as a basecoat in a multi-layer basecoat/olear coat 
automobile coating system. 
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The composition of the cartxixylic acid component and poiyol component employed to synthesize the 
polyester resins is such as to provide an excess of the poiyol over and above the total number ol 
equivalents of acid present in the mixture. In other words, the reactants should be selected, and the 
stoichiometric proportions of the respective acid and poiyol components be adjusted to give hydroxy- 
5 terminated, polyester molecules each theoretically having a hydroxyl functionality of 2 or more. 

As stated above, the acid mixture employing in forming the polyester intermediate most preferably 
contains a O3G dicarboxyLic acid product l<nown as dimer acid. Processes for forming this acid are well 
known and fomi the subject of numerous U.S. patents including Nos. 2.482.761. 2,793,220. Z.793.221 and 
2,995.121 or alternatively dimer fatty acid can be purchased from a chemical supply house (Empol 1010, 
70 available from Emery Chemical Co.) 

C3S dimer fatty acid fraction consists essentially of dimer (Cj: dicarboxylic acids) together with 
amounts up to about 20-22% of Cs. trimer. However, those of sltill in the art refer to this dimer-lrimer 
mixture as 'dimer", and this practice is followed herein. The preferred grade contains 97<"g dimer and 3% 
trimer. These polymerization reaction products can be used in the form in which they are recovered from 
rs the polymerization unit, or they can be given a partial or complete hydrogenation treatment to reduce 
unsaturation before being reacted with the poiyol compound to form the polyester. Polyesters so formed 
can then bs used to form a polyurethans resin which can be used in basecoat formulations exhibiting low 
flash, quick-drying characteristics. 

The polyurethanes of the present invention are advantageously storage stable and are, of course, water 

contained in the final resin particles, and the number of salt groups formed from those free acid groups. 

Coating compositions produced using the polyurethane resins described herein have exhibited low flash 
and quick drying characteristics surprising for a water-dispersibte resin. 



DETAILEiJ DESCRIPTiON OF THE INVEIMTIOIM 

T>ie present invention relates to a water soluble antonic polyurethane resin produced by reacting a 
polyester component comprised of at least 50% by weight of the carboxylic acid component of a long chain 
carboxylic acid containing compound with a mixture of a polyisocyanate-containing compound, a multifunc- 
t'onal compound having at least one active hydrogen functionality and at least one carboxylic acid 
functionality, and optionally, an additional component comprising a compound having at least two active 
hydrogen containing moieties. The resulting polyurethane intermediate has terminal isocyanate groups or 
active hydrogen-containing moieties, depending upon the stoichiometry of the polyester mixture described 

An especially preferred embodiment of the polyurethane resins of the present invention relates to the 
formation of a urethane product in which the intermediate polyurethane resin described above has free 
isocyanate groups at the temiinal positions of the polyurethane resin. The isocyanate groups are then 
capped with an excess of a polyfunctional alcohol having at least 2 alcohol groups, and preferably at least 3 
40 alcohol groups. 

The particular characteristics of the polyurethane resins are detemiined by the components of the 
polyester resin. It has unexpectedly been discovered that polyester resins produced from a carboxylic acid 
component comprised of at least about 50% by weight of a long chain fatty acid or dicarboxylic acid having 
between about 18 and 60 carbon atoms can be fonnulated into water-dlspersible polyurethane coating 

45 resins exhibiting partlcularty favorable tow flash and quick drying properties for water borne basecoat resins. 
The acid component of the polyester is, of course, critical to the invention and is comprised of a 
mixture of at least about 50% by weight of a long chain carboxylic acid component having between 18 and 
60 carbon atoms. Preferably, the long chain carboxylic acid is a dicarboxylic acid and most preferably, the 
dicarboxylic acid is a C35 dimeric dicarboxylic acid or dimer acid. Where the kjng chain carboxylic acid 

so comprises less than 100% of the carboxylic acid component, the carboxylic acid component is also 
comprised of one or more short-chained cartjoxylic acids. 

Preferably, the long chain fatty acid comprises between about SO and 30% by weight of the acid 
component of the polyester poiyol. In the principal resin (major vehicle) the long chain tatty acid component 
comprises about 75-80% of the long chain fatty acid component and in the grind resin, the polyester resin 

55 comprises about 50% by weigirt of the polyester resin. Generally, the higher the percentage of long chain 
carboxylic acid, the better the quick-drying or flash off characteristics of the final polyuretfiane resin. 
However, the advantageous flash-off charactenstics must be balanced with the effect that the change in the 
carboxylic acid component has on the metallic effects, durability and other characteristics of the resin. 



EP 0 299 148 A2 



Including, in the esse of grind resin, the ability to accomodate pigment. 

The shorter chain carboxylic acid component is comprised of a mono-, di- or higher funcdonaiity 
carboxylic acid or a mixture of these carboxylic acids having cart3on chains of 12 or fewer carbon units, 
lulonocartwxylic acids function to terminate a poiyester chain and are chosen for that purpose, it is 
s preferable that the short chain carboxylic acid component be a dicarboxytic acid. Such preferred dlcarbox- 
ylio acid compounds include, for examplei adipic, azeleic, and other allphatio dicarboxyllc acids. Aromatic 
dicarboxylic acids may also be preferred. An especially preferred aromatic dicarboxylic acid is isophthalic 
acid. Alkylene and aralkylene carboxylic acids can also be used. Where branch chains in the polyester are 
desired, a carboxylic acid containing three or more carboxylic add groups, for example citric acid, Is used. 
to A preferred acid of this type is trimellitic anhydride. 

The polyester resins are synthesized from the above-described carboxylic add component and an 
\excess of a polyol component. An excess of polyol is used so that the polyester resin preferably contains 
terminal hydroxyl groups. The polyol compounds preferably have an average hydroxy-funcflonality of at 

rs The "polyester resin In most cases is comprised of one or more polyols, preferably a did. Up to about 
25 percent by weight of the polyo! component may be a polyol having three or more hydroxy groups per 
molecule. Where polyols having three or more hydroxy groups are chosen, the result is a branched 
polyester. 

While it is not always desirable to have a triol or higher multi-functional alcohol present because of the 
30 tendency to fomn a branctied chain polyester, some branching may be desirable. The polyester resin 
should not be highly branched, however. There may also be present a small amount of monoalcohoi, in the 
polyol component, particularly if larger proportions .of higher functional alcohols are used. These monoal- 
cohols serve as chain terminators. In certain Instances, for example, where certain high molecular weight 
polyols are used, the polyols can be largely or even entirely made up of compounds of functionality greater 

The diols which are usually employed In making the poiyester resins include alkylene glycols, such as 
ethylene glycol, propylene glycol, butylene glycol, and neopentyl glycol, f,6 hexanediol and other glycols 
such as hydrogenated bisphenol A, cyclohexane dimethanol, caprolactone diol (I.e., the reaction product of 
caprolactone and ethylene glycol), hydroxyalkylated blsphenols, and the like. However, other diols of 

alcohols can include, for example, trimethylolpropane, frimethylolethane, pentasrythritol, and the like, as well 

as higher molecular weight polyols. 

The low molecular weight diols which are preferred in the instant Invention are known in the art. They 

have hydroxy values of 200 or above, usually within the range of 2000 to 200. Such materials include 
35 aliphatic diols, particularly alkylene polyols containing from 2 to 18 carbon atoms. Examples Include 

ethylene glycol, 1,4-butanediol, cycloaliphatlc diols such as 1 .2-cydohexanediol and cyclohexane 

dimethanol. An especially prefen-ed diol Is 1 ,8 hexanediol. 

The resulting polyester resin is preferably produced with dimer fatty acid as ttie long chain carboxylic 

acid, isophthalic acid as the minor short-chain carboxylic acid component component and an excess of 1,8 
oo hexane diol so that the resulting polyester polyol ranges in size isefween about 200 and 2000 grams per 

eouivaient of hydroxyl. Preferably, the polyester resin has a range between 700 and 800 grams per 

equivalent of hydroxyl and most preferably, has about 750 grams per equivalent of hydroxyl. 

To produce the polyurathane resfns which are useful in basecoat compositions of the present invention, 

the above-described polyester polyol is reacted with a mixture of a polyisocyanata, a multi-functional 
45 compound having at least one active hydrogen group and at least one carboxylic acid group, and optionally. 

a component comprising a chemical compound having at least two active hydrogen groups, but no 

carboxylic acid groups. 

The polyester, polyisocyanate and multi-functional compound may also be reacted In the same pot, or 
may be reacted sequentially, depending upon the desired results. SsquenUal reaction produces resins 

so which are more ordered in stnjcture. Both the polyester and multi-functional compound may serve as chain 
extenders to build up the polyurethane backbone through reaction of hydroxyl groups with Isocyanate 
groups. However, to function as a chain extender, the multi-furctronal compound must have at least two 
active hydrogen groups. Where the multi-functional compound has only one active hydrogen group, the 
result is chain termination. Additional chain extenders having at least two active hydrogen groups but no 

55 carboxylic acid groups may be added to increase the chain length or to change the chemical characteristics 
of the polyurethane resin. In general, an excess of polyisocyanate is used so that an intermediate 
polyurethane resin can be produced having free isocyanate groups at the temninal ends. The free 
isocyanate groups may then be preferably capped with trimethylol propane or diethanolamlne. 
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Tha organic polyisocyanate which is reacted with the polyhydric material as described is essentially 
any polyisocyanate and is preferably a diisocyanate. e.g., hydrocarbon diisocyanates or substituted 
hydrocarbon diisocyaratss. Many such organic diisocyanates are l«nown in the art. including p-phenylene 
diisocyanate. biphenyl 4.4'diisocyanate, toluene diisocyanate. 3,3'-dimethy 1-4,4 biphenylene diisocyanate. 
5 1 .4-tetramethylene diisocyanate. 1 .6-hexamethylene diisocyanate. 2.2.4-trimethy(haxane-1.6 diisocyanate. 
methylene bis (phenyl isocyanale), 1 .5 naphthalene diisocyanate. bis (isocyanatoethyf fumarate). isophorone 
diisocyanate (IPDI) and methylsne-bis- (4 cyclohexylisocyanate). There can also be employed isocyanate- 
tenninated adducts of polyois, such as ethylene glycol, or 1.4-butylene glycol trimethylolprcpane. etc. 

10 mcl. of a polyol to form a longer chain diisocyanate. Aitematively, the polyol can be added along with the 
diisocyanate. N 

While diisocyanates are preferred, other multi-functional isocyanates may be utilized. Exanriples are 
1,2.4-benzene triisocyanate and polymethylene polypheny! isocyanate. 

It is prefened to employ an aliphatic diisocyanate, since it has been found that these provide better 
fS color stability in the finished coating. Examples include i ,S-hexam9thylene oiisocyanate, 1,4-butylene 
diisocyanate, methylene bis (4-cyclohexyl isocyanate) and isophorone diisocyanate. Mixtures of 
diisocyanates can also be employed. 



The proportions of the diisocyanate, polyester, and multi-functionai compound are chosen so as to 




For purposes of promoting water-solubility it is important to build acid groups into the polyurethane. For 
example, the presence of acid groups is capable of rendering the composition water-diiutable. 

The acids that are employed to provide free acid groups in the polyurethane resins of this invention are 
IS readily available. They contain at least one active hydrcigen group and at least one carboxytic acid 
functionality. The active hydrogen group may be a thiol, a hydroxyl or an amine, with primary amines being 
considered to have one active hydrogen group. Examples of such compounds include hydroxyl carboxyltc 
acids, amino acids, thiol acids, aminothiol acids, aikanolamino acids, and hydroxythiol acids. 

Compounds containing at least 2 hydroxyl groups and at least one carboxylic acid are preferred. They 
30 can bs prepared from an aldehyde that contains at least two hydrogens in the alpha position. Such 
aldehydes are reacted In the presence of a base catalyst with two equivalents of formaldehyde to farm a 
2.2-hydroxymethyl aldehyde. The aldehyde is then gently oxidized to the acid by known procedures. The 
acids that are employed in the invention can be represented in simplification by Formula 1: 

=s CH,OH 
1^ 

R - C - CCXDH 
I 

CHjOH 

wherein R represents hydroxymathyl, hydrogen, or alkyi of up to 20 carbon atoms and preferably up to 8 

Specific illustrative examples of such acids that are employed in the invention include 2.2-di- 
4s (hydroxymathyl) acetic acid, 2,2.2-tri(hydroxymethyl) acetic acid. a.2-di(hydroxymettiyl) propionic acid. 2.2- 
di(hydroxymethyl) butyric acid. 2.2-di(hydroxymethyi) pentanoic acid, and the like. The preferred add is 
2,2-di(hydroxymethyl) propionic acid. 

Longer-chain polyurethane restns can be obtained by chain extending the pofyurelftane chain with a 
compound or mixture of compounds containing at least two active hydrogen groups but having no 
so carboxylic acid group, for example dials, dithiols. diamines, or compounds having a mixture of hydroxyl. 
thiol, and amine groups, for example, alkarolamines, aminoalkyl mercaptans. and hydroxyalkyi mercaptans. 
among others. For purposes of this aspect of the invention both primary and secondary amine groups are 
considered as having one active hydrogen. Alkarolamines, for example, ethanolamine or dielhanoiamine, 
are preferably used as chain extenders, and most preferably, a diol is used. Examples of preferred dials 
55 which are used as polyurethane chain extenders include 1.6 hexane diol. cyclohexane dimethyloi, and 1,4- 
butansdiol. A particuiariy preferred diol is neopentylglycol. Of course, the same dials used to synthesize the 
polyester component of the polyurethane resins can be utilized here as well. While polyhydroxy compounds 
containing at least three hydroxyl groups may be used as chain extenders, the use of these compounds 
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produces branched poiyurethane resins. For purposes of the present invention, it is preferred to minimize 
the amount of branching in the poiyurethane resin. TTisrefors, if polyhydroxy compounds are used, they are 
preferably limited to a very minor component of the poiyurethane producing mixture. These higher 
functional polyhydroxy compounds Include, for example, trimethylolpropane. trimethylolathane. pemaeryth- 

The poiyurethane resin may be chain extended in any manner using these compounds having at least 
two active hydrogen groups. Thus, these compounds may be added to the mixture of polyisocyanate, 
polyester and multi-functional compound, or alternatively, may react at an intemiediate stage, to link two 
free isocyanata groups that are present at the temiinal ends of an intermediate poiyurethane resin. 
to It is generally preferred that an intarmsdiate poiyurethane resin produced by reacting tlie polyester 
resin and the mixture of polyisocyanate. muiafuncSonai compound containing at least 2 hydroxy! groups 
and one carboxylic acid group, and chain extender be terminated with free isocyanate^groups. To 
accomplish this, an excess of the polyisocyanate component is used. Of course, the molar ratio of the other 
components will be adjustGd according to the desired characteristics of tha intermediate and final 
15 poiyurethane resins. The polyester component comprises no more than about 80% by weight of the 
reaction mixture and it is preferred that the polyester component comprises from about 20% to about 70% 
by weight of reactants in the mixture. 

In one especially desirable embodiment of the invention, a multi-functional alcohol is used to terminate 
the reaction (cap the free isocyanate groups) at the desired stage (determined by the viscosity and 
213 isocyanate groups present), thereby also contributing residual hydroxy) groups. Particularly desirable Ibr 
such purposes are aminoalcohols, such as ethanolamine, diethanoiamine and the like, since the amino 
groups preferentially react with the isocyanate groups present Multi-hinotional alcohols, such as ethylene 
glycol, trimethylolpropane and hydroxy-terminated polyesters, can also be employed in this manner. 

While the ratios of the components of the polyester, the multi-functional Isocyanata and the tenminadng 

avoid gellation and to produce an ungelled, urethane reaction product containitlg hydroxyl groups. The 

The amount of polyisocyanate used in the mixture is preferably between about 20% and 30% by weight 
of the reactants in the mixture, but will vary depending upon the polyester used, the acid number of the 

30 final poiyurethane resin, and the desired molecular weight of the final poiyurethane resin. The amount of 
polyisocyanate will also vary depending upon whether it is desired to have the intemiediate poiyurethane 
terminated with free isocyanate groups or with hydroxyl groups. Thus, where it is preferred to tenninate the 
intennedlato polyurothans resin with free isocyanates for capping with trimethylolpropane or diethanoiamine, 
an excess of polyisocyanate may be used. Where the intermediate poiyurethane resin is to be terminated 

35 by hydroxy! groups, a stoichiometric deficiency of polyisocyanate may be used. 

The amount of multi-functional component having at least one active hydrogen group and at least one 
carboxylic acid group also may vary depending upon the desired acid number of the final poiyurethane 
resin. The final poiyurethane resin has an acid numi^er of at i^ast aixut 1 0, and the amount of this multi- 
functional component comprises between about 1% and about 25% by weight of the reactants of 

40 poiyurethane producing reaction mixture (polyisocyanate, polyester, multifunctional compound, and option- 
ally other chain extenders, for example compounds having two active hydrogens but no carboxylic groups). 
It is preferable that the acid number be higher, because as the acid number increases, the water- 
disperslbility of the poiyurethane resin potentially Increases. The practical upper limit of add number Is that 

« resin. Of course, the upper limit of the acid number will vary depending upon the chemical composition of 
the final poiyurethane resin, but an acid number with an upper limit of about 100 Is, In general, the practical 
limit of polyurathana resins of the prasont invention. 

The amount of chain extender, when used producing the poiyurethane resin, varies between about 2% 
and 25% by weight of the reactants. The amount used will depend upon the amount of chain extension 
so desired and the desired size of a poiyurethane molecule. 

After the poiyurethane resin is synthesized, the free carboxylic acid groups are neutralized with base to 
form salt groups. Preferably, the base is an amino containing compound. Tertiary amines are generally 

amines to react with aminoplast cross-linking agents. Preferred tertiary amines include tri-alkyiamines. for 
53 example, trimethyl and Wethyiamine. Also prefened is triethanolamine. Partcularly profaned is 



The poiyurethane resins of the present invention are formulated, along with other components, into 
mater dispersible basecoat compositions which are sprayed or electrostatically deposited onto metal or 
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but these are usually prohibitive in cost and inferior in appearance. The metallic pigments may also be 
mixed with non-metallic pigments, but these are to be carefully chosen so as not to diminish the desired 

The resins used in the basecoat are dispersed in deionized water. It is preferred that the deionized 

microohms-' to prevent gassing caused by the reaction of aluminurm with water. Deionized water is also 
chosen to avoid salts that naturally occur in tap water. Other solvents may also be employed with the 
deionized water. An especially prefen-ed solvent is Butyl CelfosolveTM which aids mixing, formulating and 
dispersing pigment in the basecoat composition. Other solvents can also be used, for example, low-boiling 

10 mono and polyhydric alcohols, ethers, esters, ketones and other organics. 

The organic solvent, which comprises at most about 80% of the basecoat composition, aid preferably 
comprises about 10% to 20% by weight of the basecoat composition (Including water) may be selected to 
promote the dispersibility of individual components in the final basecoat composition (piasticizer characteris- 
tics) and for its low volatility characteristics. 

rs A rheology control agent is also preferably incorporated into the basecoat composition. The rheoiogy 
control agent controls the viscosity of the resulting composition and is incorporated in amounts that will 
prevent sagging or running after a basecoat is sprayed onto a vertical surface such as an automobile body. 
The direct re.sult of incorporating a rheology control agent is to provide flow control, body and sprayability. 
Other favorable results of adding a rheology control agent are to enhance the flip effect of metallic flal<e 

20 pigments, to deposit a thicker coating and to achieve complete coverage of a substrate. The sprayed 
coatings containing these agents also exhibit greater orientation of the nrietallic flake pigments on the final 
coated substrate. Rheology control agents which can be used in embodiments of the present invention 
include the fumed silica compounds and the bentonite clays. Preferred fumed silica compounds are the 
hydraphobic silica oompourds, for example Aerosil R972, available from DeGussa Corporation, (Frankfurt, 

85 West Germany). Another rheology control agent which may be used, and in certain basecoat compositions, 
may be preferred is a synthetic sodium lithium magnesium silicate hectorite clay. An example of one such 
clay is Laponite RO, available from Laporfs, Inc (Saddlebrook, New Jersey). In certain prefen'sd embodi- 
ments rheology control agents are mixed. The rheology control agent when It is Included, generally 
comprises about 0.1 to about 20 percent by weight of the basecoat composition and preferably comprises 

30 between about 1 percent and about 5 percent by weight of the final basecoat composition. 

In general, the particle size of the rheology control agent plays a role in the overall thixotropic 
properties of these resins. Rheology control agents in embodiments of this invention are suspended in the 
material. It may be proposed that the rheology contitsl agents are suspended and function, at least in part, 
through coulombic or electrostatic interactions. 

35 In general, the particle sizes can be from less than 0.1 microns to over about 200 microns. These sizes 
can be adapted to develop in part the rheology properties sought. In appropriate circumstances, the particle 
sizes may be from about 0.01 to about 10 microns. 

also are comprised of at least about S% by weight of the resinous vehicle of a branched-ohain polyester 

■10 resin. The branched-chain polyester is added for improved application properties and improved physical 
properties (due to increased cross-link density). In general, the branched-chain polyester is pnxtuced from 
the same components as the polyester component except that in addition to the long and short chain 
carboxylic acid components, a small percentage of trifunctional acid or acid anhydride is used. Thus, the 
carboxyiic acid component of the branch-chain polyester is comprised of at least 50% by weight of a long- 

45 chain fatty acid, preferably C36 dimer fatty acid and no more than about 50% by weight of a combination of 
a dicarboxylic acid such as isophthallc acid and a small percentage of a trifunctional carboxylic acid such 
as trimellitio anhydride. In preferred embodiments, the branched chain polyester is synthesized from dlmer 
fatty acid, Isophthallc acid, and 1.6-hexane diol. A small percentage, about 5 to about 20% of trimellitic 
anhydride is added to the polyesterifioation reaction to branch the polyester. The branched chain polyester 

50 is cooked to a final acid number of 10-50, and preferably, 20-40. In general, the branched polyester 
comprises about 20% of the resinous vehicle, but may be lower depending on the color. 

Any additional agent used, for example, surfactants, fillers, stabilizers, wetting agents, dispersing 
agents, adhesion promoters, etc. may be incorporated into the basecoat composition. While the agents are 
well-known in the prior art the amount used must be carefully controlled to avoid adversely affecting the 

S5 coating and quick-drying characteristics. 

In formulating the basecoat composifons of the present invention, the order of addition of the individual 
components is often very important. As a njle, the cross-linking agent in a solvent is added to the rheology 
control agent In solution and thoroughly mixed. Thereafter, the major vehicle resin dispersion (neutralized 
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ntrol agent. Pigment pastes cc 
thar additives are tnen mixed 
•e prepared in a sand mill, a1 



with amine) is added to the rtieology contro 
flakes and/or mica particles (mica particles . 
Is not desired) in Butyl CflllosolveTM is mix 
and dlmethylelhanolamine. This mixture of 
vehicle, cross-linking agent, and rtieology 0 
pigment, fillers, stabilizers, plastidzers and 
resulting mixture. Pigment paste particles . 
equipment prior to use. 

The pigment pastes m 
polyurethans resin to be ac 
about 1/2 hour. Thh- rest o 
another half-hour. The pH and viscosity of the paste is checked and an 
deionized water and/or tertiary amine. The weight ratio of pigment to bi 
5.0. The amount of pigment ranges between 6 and 80% of the total wi 
■ ods of formulating prepared prepaint pastes m 



I slurry containing re 
er agitation with the 



7.B-7.8 



ig components in the indicated m 



Ingredient 
Polyurethane lesin 
Helamine 

Rheology Control Agent 
Branched chain Polyester 
Pigment 



Amount (% by weight of of 
Solids of Final Basecoat 

composition 1 , 

20-80% 
5-50% 
0-20% 
0-35% 
2-63% 
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invention. Ali parts and percentages in the examples are by weight unless otherwise indicated. 
Polyurethane Example 1 

Preparation of a Polyurethane Resin 

I A polyester polyol resin is prepared by charging a reaction vessel (flask with a fractionating column) 
with 551.9 g. (15.8% of the polyester resin) of isophthalic acid, 1923 g. (54.9%) Empol 1010 (dinner" fatty 
acid available from Emery Chemical Co.), and 1025.1 g. (29.3%) of 1 ,6-ha)<anediol and 10O g. of toluene. 
Additional toluene may be added to fill the trap. The mixture was heated under nitrogen and the water of 
conoondensation was removed. During this heating 235.7 g. of water was distlled off. Heating was 

i continued at approximately 200 degrees C until the acid number is less than or equal to 8. The remaining 
toluene is then vacuum stripped at 200' C to produce a polyester resin for use in the polyuratfiane resin. 

At this point 697.9 g. of the above-synthesized polyester resin 43.0 g. of dimethylol propionic acid, 16.1 
g. of neopentylglycol, 243.0 g. of Isophorone diisooyanate and 300 g. of methyl isobutyl ketone are charged 
to a the reactor and heated at reflux (about 128 degrees C) until a constant isocyanate value Is obtained. 

I 36.S g. of trimethylol propane is then added to the reactor and the batch is allowed to reflux for an 
additional one hour. At this point, the nitrogen purge is turned off and the batch is cooled to 95 degrees C. ' 
28.B g. of dimethylethanolamine and 100 lbs of water is then added using a . portion of the water as a rinse. 
The batch is then allowed to sit until it becomes homogeneous (about 5 minutes) and then 2048.71 g. of 

At the end of this addition the mixture is distilled on high lieat with vigorous agitation to remove water 
and methyl isobutyl ketone. The water Is then returned to the batch and the approximately 300 grams of 
methyl isobutyl ketone which was distilled off is discarded. 233 g. of n-butanol is added and the batch is 



Polyurethane Dispersion 2 



3ssel Is charged with 1995 g. of adipic acid, 1995 g. of dimer acid, and 2450 g. of 1,6 
I, and 138 g. toluene. The mixture is heated under nitrogen to 209 degrees C, removing wate 
iber less than 8 is reached. Remaining toluene is vacuum stripped to produce a polyeste 



m Preparation 



857.4 g. of the above polyester is mixed with 14.6 g. neopentyl glycol, 53.1 g. dimethylolpropionic a 
306.5 g. isophorone diisooyanate, 97.1 g. methyl ethyl l<etone, and 235.0 g. methyl amyl l<etone 
refluxed until a constant isocyanate value is obtained. At this point, 24.8 g. of diethanolamine is added 
the mixture is held for 30 minutes. 24.8 g. of dimethylethanolamine and 1 1 6.8 g. deionized water and 1 1 
g. isopropyl alcohol are added and allowed to mix for IS minutes. 3123.2 g. deionized water is then ad' 
over a 20 minute period with vigorous agitation. The resulting dispersion has a solids content of 28% 



Polyurethane Dispersion 3 
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770 g. dimer acid, 230 g. I.S-haxanediol. and 25 g 
sated to 200 degrees C. Heating is continued, removii 
:hieved. The remaining toluene is then removed under va 



Polyurethane 

ro 700 g. poiyester above, 12.6 g. neopentyi giycol. 43 g. dimethylolpropiomc acid. 244 g. iscphorone 
dilsocyanate, 77.8 g. methyl ethyl ketone, and 195.3 methyl amyl ketone are reacted using the procedure 
for polyurethane dispersion 2. The resulting dispersion has a solids content of 26% and a Gardner viscosity 
of Z1. 



2594 g. of dimer acid, 2564 g. of 1 ,6-fi8xaredlol. and 744 g. of isophthalic acid are charged and the 
mixture heated to 195 degrees C under nihogen with agitation until acid number of 10 or less is reached. 
20 The mixture is then cooled to 150 degrees C and 10O0 g. of trimellitic anhydride is added slowly, and 
refluxed until an acid number of 30-32 is rsachea. After cooling to 150 degrees C or less. 729 g. of butyl 
CellosolveTM and 1459 g. of n-butanol are added. The resulting polyester has a solids content of 70% and a 



Branched Polyester 2 

1230 g. dimer acid and 769.5 g. 1.6 hexanediol. are charged and heated to 195 degrees C under 
nitrogen with agitation. Heating is continued until an acid number less than 10 is reached. The mixture is 
so then cooled to ISO degrees C and 430.1 g. trimellitic anhydride is added slowly and heated until the acid 
number falls below 30. 335 g. butyl glycol and 670 g. n-butanol are then added with agitation. The resulting 
polyester solution has a solids content of 70% and a Gardner viscosity of 21 . 



868.7 g. 1,6 hexanediol. 1346.2 g. dimer acid, and 386 g. Isophthalic acid are heated at 195 degrees C 

agitation and heat applied until an acid number less than 30 is achieved. A 2:1 mixture of n-butanol and 
■a) butyl glycol are then added, until 70% solids is reached. The resulting branched polyester resin had a 
Gardner viscosity of U. 



PREPARATION OF COATING AGENTS 

The follovKinQ notes refer to components listed thereof; 
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Thickener 2: 

Paste of synthetic sodium nthlum magnesium silicate hectorite ciay, Laponlte RD (Laporte), 2% strength 
In deionlzed water: the paste is prepared by stirring with Cowles blade in water tor one hour. 

Thickener 3: 

Paste of Laponite RD 3% strength in deionlzed water. Prepare as Thickener 2. 

Titanium Dioxide Pigment Paste: 

41 % concentration of DuPont R-960 titanium dioxide sandmiiled with appropriate polyurethane grind 

Melamine Resin: 

20 Commercially available methanol-etherfled melamine/formaldehyde resin, solids content 90% by weight 



Aluminum Pigment I; 

Silborlina SS-5251 AH post treated with 4.5% Vlrcopet 40 (phosphate ester commercially available from 
Albright & Wilson, Richmond, Va.) 



30 Aluminum Pigment II: 

Stapa Hydroiac WH-Re07 from Eckart Werke 
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Aluminum Pigment III: 

Stapa Hydrolac WH-84a7 from Eckart Werke 

1 2- 

Thickener 2 40 37 

Thickener 3 

s Helamine Resin 4 4 

Butyl Cellosolve 1 1 

Polyurethane 1 40 
(30%NV) 

Polyurethane 2 44 
(2S%NV) 

Polyurethane 3 
(26%IJV) 

Aluminum I (54%I1V) 6 
Aluminum II (65%I)V) 5 
Aluminum III t65%NV) 
Butyl Cellosolve 1 1 

Polyester 1 (70%) 6 
Polyester 2 (70%) 
Polyester 3 (70%) 6 

Dimetbylethanolamine 2 2 
5% Strength in Water 

Thickener 1 

Titanium Dioxide Paste 

Deionized Water 



-J 4 5 6 7 8 9 . 

37 38 

25 13 13 

4 4 8 7 4 1 2 
1112 1 

40 18 

42 38 17 

44 38 



6 5 6 



1 4 2 1 

6 3 

6 6 



2 2 1 6 6 1 



27 27 17 17 
48 49 

12 4 12 12 
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EXAMPLES 1 to 4 

The melamine resin and Butyl Cellosolve are premixed eind added to tine thickener under agitation. The 
polyurethane dispersion is then added to this mixture under agitation. An aluminum slurry is made by first 
mixing the aluminum pigment and butyl cellosolve, Ihen adding the polyester resin, and then finally 
preneutrallzing this slurry with the 5% OMEA solution. The aluminum slurry is then added to the 
poiyurethaiie/thicl<ener/melamine mixture under agitation. 



agitation. The polyurethane dispersion is then added. An ^nninum slurry is made separately by mixing the 
aluminum pigment, remaining butyl CeilosolveTM and melamine resin. The aluminum slurry is then added 
75 under agitation to the rest of the paint. The pH is then adjusted with 5% dimethylethanolamine in water.' 



An aluminum slurry is made with aluminum pigment, melamine resin, and Butyl Cellosolve under 
agitation. The polyurethane dispersion is added to the aluminum slurry. Thicl<ener is then added under 
agitation. pH is adjusted with 5% DH/lEA and viscosity is adjusted with deionized water. 



The polyurethane dispersion, melamine resin, and butyl Cellosolve are mixed with agitation. An 
aluminum siunv is made as in Example 1 to 5 and added to the first mixture under agitation. The thicker is 
added under agitation. Viscosity is adjusted with deionized water. 




4S 1. An anionic polyurethane resin for use in a muW-layer coating system comprised of the reaction 

(a) a polyester component with an alcohol having at least two hydroxy! groups wherein said 
carboxylic acid component is comprised of at least about 50% by weight of at least one iong-chain 
carboxylic acid having between 18 and 60 carbon atoms and at most about 50%- of at least one short chain 

so dicarboxylic acid; 

(b) a multi-functional compound having at least one active hydrogen group and at least one 
carboxylic acid functionality; 

(c) a compound having at least 2 active hydrogen groups selected from the group consisting of 
hydroxyi, sulfhydryl, primary amino acids and secondary amino acids, one of said primary amino acids 

53 accounting for one active hydrogen roup; and 

(d) a poiyisocyanate. 

2. The polyurethane resin according to claim 1 wherein said long-chain carboxylic acid is a C 36 dimer 



EP 0 299 148 A2 



and 60 percent of said cartxixylic acid component 

4. The polyunethane resin according to claim 1 wlrerein said multi-functionai compound is dimethyloi- 
propionic acid. 

5 5. A basecoat composition for deposition onto metal or plastic comprising: 

(a) about 20 to 80% weight percent based on the final solids content of said basecoat composition of 
an anionic polyuretliane principal resin comprised of ttie reaction product of: 

(i) a polyester component with an alcohol having at least two hydroxyl groups wherein said carboxylic 
acid component is comprised of at least about 50% by weight of at least one long-chain carboxylic acid 

10 having between 18 and 60 cartMn atoms and at most about 50% of at least one short-chain dicarboxyfic 

functionality: 

(li'i) a compound having at least 2 active hydrogen groups selected from the group consisting of - 
(5 hydroxyl, sulfhydryl, primary amine, and secondary amine, one of said primary amines accounting for one 
active hydrogen and: 
(iv) a polyisocyanate; 

(b) about S to about 50% by weight of an aminoplast cross-linlting resin: 

(c) 0 to about 25 weight percent of a rheology control agent selected from the group consisting of 

(d) 0 to about 35 weight pen:ent of a branched chain polyester resin comprised of the reaction 
product of: 

(I) a carboxylic acid component comprised of at least 50% by weight of at least one long chain 
carboxylic acid containing compound having between 18 and 60 carbons, no more than atjout 48'?'o by 

25 weight of at least one short-chain dicarboxylic acid and between about 2 and 25% by weight of a 
polyfunctlonal carboxylic acid or acid anhydride, said polytunctional carboxylic acid or acid anhydride 
having at least 3 carboxylic acid groups: and 

(ii) an alcohol component having an average funotionalify of at least 2: and 

(e) about 2 to about 75 weight percent of a pigment-containing grind resin comprising: 
30 (a) About 6 to about 60% by weight of said pigment-containing grind resin of a pigment: 

(b| About 20 to about 75% by weight of said pigment-containing grind resin of a polyurethane resin 
produced by the reaction product of: 

(i) a polyester resin component produced by the reaction of a carboxylic acid component comprised of 
at least 50% by v/eight of a long-chain carboxylic acid having between 18 and 60 carbon atoms and at most 
35 about 50% of a sfiort chain dicarboxylic acid and an alcohol having at least 2 hydroxyl groups: and 

(II) a mixture of a multi-iunctional compound having at least 1 active hydrogen and at least one 
carboxylic acid functionality, at least one compound having at least two active hydrogen groups, and a 
polyisocyanate. said carboxylic acid groups being neutralized with an amine: and 

(ill) c) About 20% to about 60% by weight of said pigment pastel pigment-containing grind resin of an 
to aminoplast cross-linking agent. 

6. The basecoat composition according to claim 5 wherein said polyurethane resin is comprised of C36 
dimer fatty acid as the long-chain carboxylic acid. 

7. The basecoat composition according to claim 5 wherein said polyhjnctional carboxylic acid (d) is 
trimellitic anhydride. 

•w 8. The basecoat composition according to claim 5 wherein said hectorite clay is a purified sodium 
lithium magnesium silicate. 

(a) A watertxime basecoat composition comprising: 

(1) an anionic polyurethane composition comprised of the reaction product of: 

so (i) a polyester resin component produced by the reaction of a carboxylic acid component comprised of 
at least 50% by weight of at least one long- chain carboxylic acid having between 18 and 60 carbon atoms 
and at most about 50% by weight of a short-chain dicarboxylic acid and an alcohol having at least 2 
hydnjxyl groups: and 

(2) a mixture of at least one multi-functional compound having at least 1 active hydrogen group and at 
55 least one cartxixylic acid functionality, at least one compound having at least two active hydrogen groups. 

and a polyisocyanate. said carboxylic acid groups being neutralized with an amine: 
(11) a cross-linking agent 
(ill) a rheology control agent: 
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Cv) optionally, a branched chain polyester resin camp prised of the reaction product of; 

(I) a cartoxylic acid component comprised of at least 50% by weight of a long-chain carboxylic acid 
having between 18 and 60 carbons, no more than, about 48% by weight of a short-chain dicarboxylic acid 
and between about 2 and 25% by weight of a polyfunctional carboxylic acid or add anhydride having at 

s least 3 carboxylic acid groups; and 

(2) an alcohol containing compound having an average alcohol functionality of at least a;[and] 
M a pigment: and 

(b) a clear topcoat composition for overcoating said basecoat composition. 

10. The composition according to claim 9 wherein said long-chain carboxylic acid is C36 dimer fatty 
10 acid. 

11. A pigment-containing grind resin tor use in waterborne basecoat compositions comprising; 

(a) About 6 to about 60% by weight of said pigment-containing grind resin of a pigment; 

(b) About 20 to about 75% by weight of said pigment-containing grind resin of a polyursthane resin 
produced by the reaction product of; 

IS (I) a polyester resin component produced by the reaction of a carboxylic acid component comprised of 
at least 50% by weight of a long-chain carboxylic acid having between 18 and 60 carbon atoms and at most 
about 50% of a short chain dicarboxylic acid and an alcohol having at least 2 hydroxyl groups; and 

(II) a mixture of at least one multi-functianal compound having at least t active hydrogen and at least 
one carboxylic acid hinctionality. at least one compound having at least two active hydrogen groups, and a 

20 polylsooyanate, said carboxylic acid groups being neutralized with an amine; and 

(c) About 20% to about 60% by weight of said pigment-containing grind resin of an aminoplast cross- 
linking agent. 

js (a) Adding crosslinkins agent in solution to a rheology control agent in solution and thoroughly 

mixing; 

(b) Adding anionic polyurelhane resin dispersion comprised of the reaction product of: 
(i) a polyester resin component produced by the reaction of a carboxylic acid component comprised of 
at least 50% by weight of a long-chain acid having between 18 and 60 carbon atoms and at most about 
30 50% of a short-chain dicarboxylic acid and an alcohol having at least 2 hydroxyl groups: and 

(11) a mixture of a multi-functional compound having at least 1 active hydrogen functionality and at least 
one carboxylic acid functionality, at least one compound having at least two active hydrogen groups, and a 
polylsooyanate, said carboxylic acid group being neutralized with an amine, to the mixture of step (a) under 
agitation and mixing thoroughly; 
35 (c) Adding a premixed slurry comprised of: 

a slurry formed by premlxing a branched chain polyester resin dispersion comprised of the reaction 

(1) a carboxylic acid component comprised of at least 50% by weight of a long chain carboxylic acid 
-» and between about 2 and 25% by weight of a polyfuncflonal carboxylic acid having at least 3 carboxylic 

(2) an alcohol component having an average functionality of at least 2 

(3) water, and 

IS (d) Agitating the mixture obtained from step B with the mixture from step C: and 

(e) Adding Pigment Paste to the mixture obtained frcim step D and mixing ttioroughly. 

(f) Adjusting the pH and viscosity of the mixture obtained from step E. 

13. The method according to claim 12 wherein said long-chain carboxylic acid is C3B dimer fatty acid. 

14. A method of coating an automobile substrate with a multilayer coating comprising; 

so (a) Applying to the primed substrate a first layer of waterborne coating composition comprised oh 

(1) a polyester resin component produced by the reaction of a carboxylic acid component comprised of 
at least 50% by weight of a long-chain carboxylic acid having between 18 and 60 carbon atoms and at most 
about 50% of a short chain dicarboxylic add and an alcohol having at least 2 hydroxyl groups: and 
55 (2) a mixture of a multi-hinctional compound having at least 1 active hydrogen functionality and at least 
one carboxylic acid functionality, at least one compound having at least hYO active hydrogen groups, and 
polyisocyanate, said carboxylic acid groups being neutralized with an amine: 
(li) a cross-linking agent; 
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a rheology control agent: and 



c) Applying at least one layer of a clear topcoat onto said tasocoat: and 

d) Curing said basecoat and topcoat to a hard, durable film. 

The method according to claim 14 wherein said (ong<hain oarboxyfic acid is C36 dimi 
A multi-coated metal or plastic substrate comprising: 

iutjstrate coated with at least one waterborne basecoat composition comprising: 
a) about 20 to 80% weight percent based on the final solids content of said Basecoat < 
nionic polyurefhane resin comprised of the reaction product of: 
a polyester component with an alcohol having at least two hydroxyl groups wherein s 
nponent is comprised of at (east about 50% by eight of a long-chain carboxylic acid h: 



<il) a multi-functional compound having at east 1 active hydrogen functionality and at least one 
carboxylic acid functionality 

(III) a compound having at least 2 active hydrogen groups: 

(iv) a poiylsocyanate: and 

(v) an amine-containing compound for neutralizing the free carboxylic acid groups. 

(b) About 5 to about 50 weight percent of an minoplast cross-linking resin: 

(c) About 0.1 to about 25 weight percent of a rheology control agent, selected from the group 
consisting of fumed silica component, bentonite clays, and hectorite clays; 

(d) About 0 to about 35 weight percent of a branched chain polyester resin comprised of the reaction 

(i) a cariMxylic acid component comprised of t least 50% by weight of a long chain carboxylic acid 
having between 18 and 60 carbons, no more than about 4S% by weight of short-chain dicarboxylic acid and 
between about 2 and 5% by weight of a polyfunctlonal carboxylic acid or acid anhydride, said polyfunc- 
ttonal carboxylic acid having at leasst 3 carboxylic acid groups: and 

(ii) an alcohol component having an average functionality of at least; and 

(e) About 2 to about 75 weight percent of a pigment, each of said basecoat compositions being flash- 
dried before being coated with 

2) A clear topcoaUng, said basecoat composition and said topcoating being cured to a hard, durable 

17. The composition according to claim 18 wherein said long chain carboxylic acid is C36 dimer fatty 



18 



